Analysis of Methods to Detect Changes in Coverage fromWater Reservoirs of the Pao River Basin, Venezuela by Romance, Dr. Adriana Marquez et al.
 
 
 
 
1 Page 1-19 © MAT Journals 2018. All Rights Reserved 
 
Journal of Remote Sensing GIS & Technology  
Volume 4 Issue 2 
Analysis of Methods to Detect Changes in Coverage fromWater 
Reservoirs of the Pao River Basin, Venezuela 
 
1
Dr. Adriana  Márquez Romance, 
2
Dr. Edilberto  Guevara Pérez,
3
Dr. Demetrio Rey Lago 
1,2
Professor,Center of Hydrological and Environmental Research, University of Carabobo, Venezuela 
3
Professor,Institute of Mathematics and Compute Applied, University of Carabobo, Venezuela 
 
Abstract 
In this paper, four methods of detecting changes in land use and coverage are applied to 
three reservoirs on the Pao river basin, Carabobo and Cojedes States, Venezuela: 1) 
difference of reflectance images, 2) reflectance images ratio, 3) difference of index images of 
vegetation and 4) difference of images of principal components. Eight Landsat satellite 
images corresponding to L5TM (1986, 1991, 2001), 2) L7ETM (2000, 2002, 2003) and 3) 
L8OLI (2015 and 2016) are used. The bitemporal change detection methods are: the 
difference in reflectance in the near-infrared region, the normalized difference in vegetation 
index, the principal components based on reflectance in the optical and infrared spectral 
regions and the reflectance ratio in the near infrared region. The global accuracy index 
varies between 86.67 and 100%, the Kappa coefficient between 0.6 and 1. The water quality 
changes are estimated in terms of the presence of only sediments, a mixture of sediments and 
algae; coverage from water to vegetation; the reflectance in the near infrared region and the 
concentration of sediments vary between 1 and 3%; 50 to 100 mg / l; 0.5 and 1%; 50 to 250 
mg / l; an increase from 1% to 40%, respectively. 
 
Keywords: Detection of Changes, Difference of Images, Principal Components, Normalized 
Difference of Vegetation Indices. 
 
INTRODUCTION 
The detection of changes in the coverage 
of water bodies using remote sensing 
technology is important to make decisions 
that contribute to planning the activities 
required to control the discharges of 
substances that alter the quality of the 
water due to the introduction of 
components above of a threshold 
established in sanitary environmental 
regulations for the use of water for the 
purpose of human, agricultural, and other 
industrial activities. Anthropogenic 
activities are the main sources of nutrients 
available for plants that are discharged into 
the waters of natural or artificial rivers and 
lakes causing eutrophication (Moreno-
Franco et al., 2010). Ortiz-Jiménez et al., 
(2006) show that the artificial and natural 
freshwater bodies of Latin America have 
suffered contamination of nutrients, 
especially nitrogen and phosphorus, 
originating from point and diffuse sources, 
mainly municipal and industrial sewerage 
and agricultural runoff in five decades and 
propose a stochastic simulation model to 
determine the limits of trophic states. 
Recca (2013) performs a balance of 
chemical constituents in the Pao 
Cachinche reservoir, Carabobo State, 
finding that it presents a daily average 
mass load for the Oxygen Biochemical 
Demand at 5 days (BOD5) in one of the 
main tributaries such as the Paíto River 
between 2000 and 2005 in dry and rainy 
season with 22 kg / d and 22.4 kg / d for 
the Chemical Oxygen Demand (COD) 
with 118.67 kg / d and 369.92 kg / d, 
respectively. From 2001 to 2010 the values 
of BOD5 and COD at the outlet of the 
reservoir have decreased to a concentration 
of less than 60 mg / l and 350 mg / l 
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required by Resolution SG-018-98, (1998) 
because the oxygen flow coming from of 
an aeration system installed in 2001 
(Matos and Rodríguez de Está, 2002). 
According to the Hydrological Company 
of the Center, (2008) the contribution of 
the Paito river to the Pao Cachinche 
reservoir is in ammonia nitrogen (NH3): 
7.76 mg / l and the total phosphorus (P): 
0.25 mg / l; exceeding the established 
values of Resolution S.G.-018-98, (1998) 
which are: NH3: 0.3mg / l and P: 0.03 mg / 
l for waters that are conditioned by 
purification processes; generating the 
phenomenon of eutrophication in the 
reservoir. The biomass levels and the 
phytoplankton productivity of the 
reservoirs depend on several physical, 
chemical and biological factors that 
interact with each other, and which are 
related to the hydrological and climatic 
regimes, the size and nature of the slope, 
the morphology of the reservoir bed, the 
nature and volume of its tributaries and the 
structure of the trophic chains (Kimmel et 
al., 1990). Thus, under eutrophic 
conditions and stability of the water 
column, as in the case of the Pao-
Cachinche reservoir, cyanobacteria 
dominate (De León and Chalar, 2003, 
González et al., 2004). In this research 
four methods of detection of changes are 
applied: difference of reflectance images 
(Weismiller et al., 1977), reflectance 
image ratio (Wilson et al., 1976), 
difference of vegetation index images 
(Angelici et al., 1977) and difference of 
images of main components (Lodwick, 
1979) using as a unit of study the three 
artificial bodies of water located within the 
Pao river basin, as indicated in Figure 1. 
These methods of change detection from 
remote sensing can be useful to obtain 
measurements of the organic and inorganic 
constituents of water (Karaska et al., 
2004). 
 
EXPERIMENTAL MATERIALS AND 
TECHNIQUES 
The research is developed in four stages: 
First phase: Acquisition of satellite image 
data and references: Eight images of a 
single scene of the set of Landsat satellites 
corresponding to the months of the dry 
season between December and March of 
each year were downloaded from the 
portal of the Geological Service of the 
United States (USGS), in the World 
Reference System according to the route 
and row 005 and 053, respectively. The 
images are identified by code and date as 
follows: 1) LT50050531986351XXX03, 
1986-12-17, 2) 
LT50050531991077CPE01, 1991-03-18, 
3) LT50050532001008AAA02, 2000-01-
14, 4) LT50050532001008AAA02, 2001-
01-08, 5) LE70050532002051AGS00, 
2002-02-20, 6) 
LE70050532003022PFS00, 2003-01-22 7) 
LO80050532015063LGN00, 2015-03-04, 
and 8) LC80050532016018LGN00, 2016-
01-18. The data of references are 
constituted by Google Earth images and 
physical-chemistry parameters of water 
quality provided by operators of water 
reservoirs. Second phase: Preliminary 
image processing: the downloaded images 
are of a version geometrically corrected by 
the USGS; however, the radiometric, 
topographic and atmospheric absolute 
corrections applied to each image are 
executed in the environment of the ENVI 
4.7 satellite image processing computer. 
The relative corrections between the 
images of the different sensors of the set of 
Landsat satellites include: geometric and 
radiometric corrections. Third phase: 
Change Detection Methods: include the 
following four (Singh, 1989): 1) difference 
of reflectance images, 2) ratio or 
reflectance images ratio, 3) difference of 
NDVI vegetation index images and 4) 
main components. Fourth phase: 
Assessment of accuracy in detecting 
changes: four criteria are applied: 1) user 
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accuracy, 2) producer accuracy, 3) global 
accuracy and 4) Kappa coefficient. 
 
RESULTS 
Results of the Image Differencing 
Method 
Figure 2 shows the results by applying the 
difference method of images on the three 
water reservoirs located in the Pao river 
basin. The reflectance in the near infrared 
region (NIR) is greater in 2016 than in 
previous years; the bitemporal change 
represents an increase in the NIR 
reflectance over time in the period 
between 1986 and 2015 with respect to the 
year 2016 (Figure 2a to Figure 2f). The 
difference of the NIR reflectance 
corresponds to the increase of the NIR 
reflectance corresponding to increases that 
tends to occur at the boundary of the water 
contained in the reservoir with the soil or 
the vegetation existent. In Figures 2e, 2l 
and 2s are noted that these differences 
decrease in the period 2003-2016. Figures 
2f, 2m and 2t show a return to the increase 
condition in the NIR reflectance between 
2015 and 2016. Figures 5a, 5c, 6a and 6c 
show the particular case of the NIR 
reflectance between 1986 and 2016, this is 
increased from 0 to 40% in approximately 
1500 meters from the boundary of WB1 
towards the interior of the reservoir. This 
significant change in the form of increase 
in the NIR reflectance is because of a 
change in coverage from water to 
vegetation. In Figures 2g, 2n and 2u 
obtained from Google Earth is observed 
that the WB1, WB2 and WB3 water 
reservoirs are eutrophied. As well as, in 
these figures it is possible to validate the 
accumulation pattern of algae and 
sediments in the boundary of the reservoir 
as it was estimated by the NIR difference 
method; which results in a satisfactory 
estimate of the detection of the change 
between one cover and another in the three 
bodies of water. As a sample for the 
bitemporal difference of NIR reflectance 
between 1986 and 2016 with symmetric 
intervals and Gaussian probabilistic 
distribution, the statistics and areas of 
change are indicated as follows (see Table 
1 and Figure 3): Mean: 1.21%, Standard 
Deviation: 8.36%, Minimum: -64%, 
Maximum: 48%, area of change: 9.2%, 
area of no change: 90.8%. In general, the 
intervals of the bitemporal difference are 
symmetric and adjusted to a Gaussian 
probability function: 1986-2016, 1991-
2016, 2001-2016, 2015-2016 and slightly 
asymmetric: 2000-2016, 2002-2016 and 
2003-2016. The minimum value of the 
extracted NIR reflectance differences 
varies between -64% and -66% (Table 1). 
These extreme negative NIR reflectance 
differences are attributed to extreme values 
of reflectances observed in the 2016 
image; associated to the soil material that 
constitutes the contribution to the 
tributaries of the WB1, WB2 and WB3 
water bodies as it has been seen in the 
spatial profiles along the AA lines (Figures 
4a and 4b), BB lines (Figures 4c and 4d), 
CC lines (Figures 4e and 4f). In the AA, 
BB and CC lines the NIR reflectance 
varies between 30 and 60%, 40 and 70%, 
40 and 70%, respectively. The soil 
material could be associated with a 
granulometric texture consisting of silt, 
which registers reflectances between 60 
and 70% in the near infrared spectral 
region according to the experimental 
spectral profile detected by Hoffer, 1978. 
The maximum positive value of the NIR 
reflectance difference varies between 21 
and 62%. These values are found due to 
the accumulation of sediments in the 
entrance areas of the tributaries towards 
the reservoirs; occuring when the image in 
time (t1) shows sediments in areas where 
the image in time (t2) corresponding to 
2016 shows that the sediments have been 
displaced by water; due to volumetric 
increases within the three reservoirs. 
 
Results of the Image Ratioing Method 
Figures 5a and 5b show the results by 
applying the ratioing method of reflectance 
images in the near infrared spectral region 
(NIR) in water reservoirs located in the 
Pao river basin, where the change areas 
can be observed. There is no change in the 
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bodies of water WB2 and WB3 obtained 
from the ratio between the NIR reflectance 
image for 1986 with respect to the NIR 
reflectance image for 2016. In Figure 2, 
the bitemporal relation is one where the 
detected area of change is higher giving 
3%. The areas of change vary between 1.3 
and 5.4% (Table 2). The interval considers 
the NIR reflectance ratio as the maximum 
threshold of change from 0.25. In the rest, 
the ratio of reflectances tends to be less 
than unity; resulting in a smaller area of 
change. The ratioing for the NIR 
reflectance images represents an increase. 
The NIR reflectance varies between 1 and 
2% in the image for 1986 (Figure 8f). 
According to Lodhi et al., (1997) the range 
of the NIR reflectance (0.77-0.90 μm) of 
water with sediment that varies between 1 
and 2% can be associated with a 
concentration of sediments constituted by 
clay varying between 50 and 250 mg / l. 
The NIR reflectance varies between 1 and 
1.5%for the 2016 image (Figure 9f). Lodhi 
et al., (1997) found that the range where 
the NIR reflectance (0.77-0.90 μm) varies 
between 1 and 1.5% (Figure 9f) can be 
associated with a concentration of 
sediments and algae that varies between 50 
and 100 mg / l measured with in situ 
spectroradiometer (Han, 1997). 
 
Results of the Difference Method of 
Vegetation Index Images 
The results by applying the vegetation 
index image difference method are shown 
in Table 3 and Figure 6. The estimated 
index is the Normalized Difference 
Vegetation Index (NDVI) proposed by 
Rouse et al., 1974. The NDVI is estimated 
based on the reflectance images in the 
spectral regions of the red and near 
infrared for the water reservoirs located in 
the Pao river basin. Table 3 and Figure 6 
show that at the boundaries of the three 
water bodies (WB) there are increases in 
NDVI over time (t2) with respect to NDVI 
over time (t1); while in the interior of the 
body of water the opposite occurs. For 
example, the Figure 8 shows the spatial 
profiles in the near infrared and red 
spectral regions for 1986 in the three water 
bodies, when these water reservoirs are 
slightly lacking of sediment and algae, the 
reflectance in the infrared spectral region 
near varies between 0.5 and 1%; as well as 
the reflectance in the red spectral region 
tends to vary between 0 and 0.5%. 
Consequently, the NDVI for 1986 tends to 
be positive and vary between 0 and 0.5. In 
Figure 9a, 9b, 9c, 9g, 9h and 9i, it is 
observed that there is a change in coverage 
from water to vegetation at approximately 
1500 m from WB1 (Figure 9a) and at the 
boundary of reservoir WB3 (Figure 9g); 
therefore, the NDVI for 2016 at the border 
is estimated by a reflectance in the near 
infrared region and this is increased in the 
red spectral region with respect to the 
water by 40% and 5%, respectively. These 
increases lead to the NDVI for 2016 at the 
boundary between the reservoir and terrain 
varies between a positive value between 
0.5 and 1. Towards the interior of the 
bodies of water, the NDVI for 2016 tends 
to equalize in both regions obtaining a 
value between 0 and 0.5 (Figure 9). These 
results justify that the difference between 
the NDVI of time (t1) and NDVI for time 
(t2) is negative at the border; representing 
an increase in the NIR reflectancebecause 
of the change in coverage from water to 
vegetation; as well as positive towards the 
interior of the reservoir; which represents a 
decrease of the reflectance in the spectral 
region of red (0.63 - 0.69 μm) with respect 
to the near infrared (0.77-0.90 μm) in 2016 
due to the presence of algae and sediments 
as these have been found in experimental 
tests with radiospectrometer made by Han, 
(1997). Figure 6 shows that the three 
bodies of water reduce the NDVI value in 
(t1) with respect to the NDVI for 2016 
until 2003; where the reflectance returns to 
values similar to those observed for 1986; 
from that moment until 2015 a similar 
process of accumulation of algae and 
sediments occurs as evidenced in 2015; 
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where the NDVI2015-NDVI2016 
difference takes a similar pattern to the 
NDVI difference between 2002 and 2016. 
The negative values of the NDVI 
averaged; which are shown in Table 3 can 
be associated to the differences 
NDVI1991-NDVI2016, NDVI2000-
NDVI2016, NDVI2002-NDVI2016, 
NDVI2003-NDVI2016 are: -0.006, -0.043, 
-0.035, -0.026, respectively. These values 
of the negative NDVI difference are an 
index that the reflectances in 2016 are 
higher with respect to time (t1) due to the 
presence of algae with sediments.  
 
Results of the Principal Component 
Difference Method 
Table 4 shows as a sample, the results of 
the transformation method of principal 
components expressed by the covariance 
matrix from the reflectance image (%) for 
the year 1986. Each principal component 
is estimated by the linear combination of 
the coefficients that multiply the 
reflectance values associated with each 
spectral region within the optical to 
infrared region represented by regions 1 to 
3 as well as 4, 5 and 7; respectively. In the 
case of the principal component N° 1, the 
covariances that enter as a product with the 
reflectances in the B1, B2, B3, B4, B5, and 
B7 spectral regions are: 0.77; 1.048; 1.309; 
3.398; 3.766 and 0.00062, respectively. 
The degree of correlation of the 
reflectance within the region found in the 
principal component is presented in Table 
5; as an example, it is presented between 
the principal component N° 1 (PC1) and 
the spectral bands 1 to 7: 1, 0.95095; 
0.94128; 0.70605; 0.9057 and 0.00317, 
respectively. These coefficients are above 
0.7 in the first six regions indicating a high 
level of obtaining the information of the 
variance of the reflectance in these six 
regions within PC1 and to a lesser degree 
from region 7. The eigenvectors represent 
the variance of the reflectance in each 
region of the electromagnetic spectrum 
that is explained by the method as it is 
shown in Table 6. In the example, the 
eingenvalue of PC1 is equal to 50.47249 
and explains the 88.25% of the variance of 
the reflectance recorded in the set of 
regions spectral Therefore, this is the main 
criterion for selecting the principal 
component N ° 1 to be the variable that is 
used in the principal component difference 
method to detect changes in the coverage 
of the three reservoirs of the river basin 
Pao. The Figure 7 shows the results of the 
estimation of the principal component No. 
1 based on the multispectral reflectance 
image from water reservoirs No. 1 and 3; 
where it is observed that PC12016 is greater 
than PC1 in time (t1) in the values close to 
the boundary of WB1 and WB3 water 
bodies meaning that the increase in 
reflectivity could be associated with 
accumulation of sediments and algae 
towards the year 2016 compared to the 
years between 1986 and 2015. In the 
period from 1986 to 2015, water quality 
could be in a more favorable condition 
compared to 2016; therefore, its 
reflectivity tends to be lower as it is shown 
in Figures 8 and 9. The zone towards the 
interior of the reservoirs tends to show 
values of reflectance differences in the 
class interval associated with no change. 
There is a declining tendency to equalize 
the reflectance values in Figure 7e and 7l 
with respect to 2016 at the boundaries of 
the reservoirs; which could be related to an 
improvement in the water quality of the 
reservoirs. However, Figures 7f and 7m 
indicate that these return to the pattern of 
reflectances observed from 1991 to 2002. 
Figure 7 shows the occurrence of a 
progressive eutrophication of the WB1, 
WB2 and WB3 water bodies. In Table 7 it 
is observed that the mean and standard 
deviation of the reflectances take the 
following values within the PC1 for the 
bitemporal differences 1986-2016, 1991-
2016, 2000-2016, 2001-2016, 2002-2016, 
2003-2016 , 2015-2016 such as: a) 0.06; 
9.54, b) 5.15; 9.77, c) -4.1; 7.73; d) 1.73; 
7.63; e) -2.02,7.69; f) -4.95; 6.18 and g) 
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2.94; 5.93. The areas of change vary 
between 9 and 10%. 
 
Accuracy in detecting changes 
The accuracy in the classification in the 
detection of changes for the four methods 
used in this investigation is shown in the 
matrix of Table 8; where it is observed that 
there are pixels that have been classified as 
change when in the reference images 
corresponding to Landsat and Google 
Earth these have shown to maintain the use 
or coverage both in time (t1) as in time 
(t2). Each sub-table includes the error 
matrix of the method whose options are: 
change and no change. In both the 
classified map as the reference image, the 
samples are points. Four indexes of 
precision are included: 1) user accuracy 
(UA), 2) producer accuracy (PA), 3) 
overall accuracy (OA), and 4) Kappa 
coefficient (KC). Case: 1986-2016. 30 
samples are used. The results of the 
sampling are according to the methods: 
Difference of Reflectance Images, 
Reflectance Images Ratioing, Difference 
of NDVI images, Difference of the 
Principal Component No. 1 are: UA: 
Unchanged: 100%; 100%; 100%; 100%, 
Change: 76.4%; 21%; 100%; 13% PA: 
Unchanged: 76.4%, 21%, 100%, 13%. 
Change: 100%, 0%; 100%; 0% OA: 
86.67%, 86.67%; 100%; 86.67%; KC: 
0.85; 0.6; 1; 0.85. 
 
DISCUSSION 
The results found using the four methods 
of detection of changes have shown 
changes in the reflectance in the near 
infrared region (NIR) of the three 
reservoirs in the period of years from 1986 
to 2015 in relation to the year 2016. 
Changes in the NIR reflectance of the 
three reservoirs are detected at the points 
of the flow contributions from the tributary 
rivers to the reservoirs WB1 (Figure 4a), 
WB2 (Figure 4c) and WB3 (Figure 4e); 
covering a length of 1500 m (Figure 4b), 
1500 m (Figure 4d) and 3000 m (Figure 
4f), respectively. The changes of the NIR 
reflectance in the reservoirs can be 
associated with changes in the organic and 
inorganic constituents of the waters of the 
WB1, WB2 and WB3 reservoirs as it is 
shown by Lodhi et al., (1997) and Han 
(1997). The NIR reflectance from 1986 to 
2002 and 2015 is lower than in 2016. This 
change in the NIR reflectance is due to the 
change in clear water coverage towards 
sediments or a combination of sediments 
with algae. Several studies carried out in 
the period between 1986 and 2016 justify 
the replacement between the coverage 
from clear water to water with sediments 
and algae in the Pao Cahinche reservoir 
(WB2). The hypothesis that the detection 
of the change in reflectance in the near 
infrared region in the period from 1986 to 
2015 with respect to 2016 is due to the 
contamination of the Pao Cachinche 
Reservoir (WB1); conditions the water 
quality of WB2 and WB3; since in the first 
case, WB2 receives water through a 
pumping system and in the third, the WB3 
receives the water supply from WB1 by 
gravity. The assumed relation for WB2, 
WB1 and WB3 that when the NIR 
reflectance varies between 1 and 2% there 
is water with sediments at a concentration 
between 50 and 250 mg / l (Lodhi et al., 
1997) or water with sediments and algae at 
a concentration between 50 and 250 mg / l 
(Han, 1997) is verified with the results 
according to the National Health Institute, 
(2010) where suspended, dissolved and 
total solids, BOD5, COD, total nitrogen, 
total phosphorus, total coliforms and 
plankton determined in the main tributary 
to WB1 vary between: 12 and 52 mg / l; 
160 and 1212 mg / l; 196 and 1264 mg / l; 
38 and 80 mg / l; 168 and 335 mg / l; 2 
and 6 mg / l, 0.16 and 0.69 mg / l; 7760 
and 3500000 NMP / 100ml; 4000 and 
26960 org / ml respectively. Resolution No 
S.G.-018-98, (1998) indicates that 
dissolved solids are a relative component 
of water when they are between 600 and 
1000 mg / l; BOD5, COD, total nitrogen, 
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total phosphorus, total coliforms should 
not be detected and plankton should not 
exceed 300 org / ml; noting that these 
thresholds are exceeded in the tributaries 
to WB2. The results of González et al., 
2004 indicate a depth of up to 1.5 m in 
relation to a 23.5 m column for the 
penetration of solar radiation; as well as 
the influence of the attenuation coefficient 
of the radiation incident on the column of 
up to 2.97 m
-1
; what is due to more than 59 
species of phytoplankton; where 75% are 
of the cyanobacterial type or also blue-
green algae. The change detection methods 
show an improvement in the water quality 
fromWB1, WB2 and WB3 towards the 
year 2003 because the zones of equal 
reflectance; where there are no changes; 
located towards the center of the reservoirs 
extend towards the borders changing the 
coverage from algae and sediments to 
clear water. These changes occur because 
a technology is implemented in the WB2 
from which water is supplied to the WB1 
by pumping and to the WB3 by a 
gravitational action are based on the 
company Hidrológica del Centro in an 
internationally disclosed study (Matos and 
Rodríguez de Estu, 2002). According to 
Matos and Rodríguez de Estaba (2002), 
the Pao Cachinche reservoir has been 
classified as hypereutrophic, as a 
consequence of excessive nutrient supply, 
mainly phosphorus and nitrogen. The 
artificial aeration process implemented in 
November 2001. The results obtained can 
be indicated as follows: a homogenization 
of the water column, decrease and change 
in the composition of phytoplankton 
species, breakdown of the thermal and 
chemical gradient, increase in the 
transparency of the water, oxygenation of 
the bottom layers in the aerated zone, 
decrease in pH and oxidoreductive 
transformations of the different forms of 
nitrogen present, obtaining mainly a 
decrease in ammoniacal nitrogen. 
As a validation of the changes in the 
coverage from water to vegetation into 
water reservoirs located in Pao river basin 
(Figure 1). In the monitoring sites have 
been measured physical-chemical 
parameters as Total Phosphorous (Figure 
10), Total Nitrogen (Figure 11), and Total 
Solids (Figure 12). The total phosphorous 
tends to increase from 1995 to 2002; 
decreasing between 2003 and 2005, and 
then increasing slightly between 2005 and 
2007 (Figure 10). The total nitrogen tends 
to decrease between 1995 and 2001, then 
to increase between 2001 and 2007 (Figure 
11). The total solid tends to increase 
between 1995 and 1998 (Figure 12).  
These parameters are close to the 
regulatory limit to avoid the eutrophication 
phenomenon; causing a possible algae 
growth into the water reservoir; which 
justifies the changes from the water 
coverage to vegetation coverage. In 
addition, increases in total solids cause an 
increase in reflectance in water reservoirs. 
It can be observed in the curve of percent 
reflectance of clear and algae-laden water 
based on situ spectroradiometer 
measurement and the curve of percent 
reflectance of algae-laden water with 
various concentrations of suspended 
sediment ranging from 0-500 mg/l given 
by Han, 1997.  According to Matos and 
Rodriguez, (2002) indicate that the water 
reservoir b was in a hypereutrophic 
condition as a consequence of a high 
nitrogen and phosphorous mass load; 
which was measured until the beginning of 
the 2001. The Venezuela hydrologic 
company installs an artificial aeration 
process in a water column from 0 to 7 m 
regarding to 40 m to the bottom of the 
reservoir; breaking the stratification and 
allowing the entry of oxygen by mixing 
the air stream. The results obtained 
showed a homogenization of the water 
column, the decrease and change in the 
composition of phytoplankton species, the 
breakage of the thermal and chemical 
gradient, the transparency of the increased 
water, the oxygenation of the lower layers 
in the aerated zone, the decrease in pH and 
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the oxidative-reductive transformations of 
the different forms of nitrogen present, 
obtaining mainly a decrease in 
ammoniacal nitrogen. This is a validation 
of the results observed in Figures 2, 6 and 
7. In addition, it can be seen that if the 
water reservoir b changes the water 
quality; the rest of the water reservoirs 
changes their water quality at the same 
time; because of there is an artificial and 
natural hydric net between them, 
respectively. 
 
CONCLUSION 
The methods of detection of changes based 
on the difference of reflectance images in 
the near-infrared region, the difference in 
the normalized vegetation index, the main 
components and the reflectance image 
ratio in the near-infrared region have 
detected the changes of water quality for 
the WB1, WB2 and WB3 reservoirs from 
clear water to water coverings with only 
sediments or a mixture of sediments and 
algae; as well as coverage from water to 
vegetation. 
The change detection methods have been 
sensitive to detect changes in reflectance 
in the near infrared region between 1986 
and 2002 with respect to 2016; where it 
increased progressively being always 
lower than that observed for 2016. That is, 
the coverage of sediments and algae tends 
to equalize. In the year 2003; the change is 
oriented towards the sediment and algae 
cover being returned to clear water due to 
the influence of a WB2 reservoir aeration 
technology that has impacts on the WB1 
and WB3 reservoirs. Between 2015 and 
2016 there is a restitution of water 
coverage with sediments and algae with 
respect to clear water. These methods 
should be tested to evaluate the accuracy 
in the estimation of the changes from 
vegetation towards an urban use, or 
vegetation towards agricultural use. 
 
The four proven methods for detecting 
changes result in an overall accuracy and 
Kappa ratios above 87% and 0.6, 
respectively; it is possible to select any of 
these at random due to detect changes in 
water bodies since the differences are due 
to random samples that fall in areas near 
the tributaries entrance to the reservoirs 
where there are other types of coverage.
 
 
Fig 1: Water reservoirs located in the Pao river basin, Venezuela: 1) Guataparo, 2) Pao 
Cachinche, 3) Pao La Balsa. 
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Fig 2: Method of reflectance image differencing in the NIR into the water reservoirs located 
in the Pao river basin. WB1, WB2 and WB3: Water Bodies 1, 2 and 3 (Figure 1). WB1: 
a)1986-2016, b)1991-2016, c)2001-2016, d)2002-2016, e)2003-2016, f)2015-
2016, g) Image of Google Earth from WB1: 2015.  WB2: h)1986-2016, i)1991-2016, 
j)2001-2016, k)2002-2016, l)2003-2016, m)2015-2016, n) Image of Google Earth 
from WB2: 2016.   WB3: o)1986-2016, p)1991-2016, q)2001-2016, r)2002-2016, 
s)2003-2016, t)2015-2016, u) Image of Google Earth from WB3: 2015. 
 
 
Fig 3: Histogram of absolute frequencies of pixels in the regions of change / no change 
corresponding to the method of difference of reflectance images in the near-infrared (IC) 
spectral region extracted from the three water reservoirs located in the Pao river basin. The 
interval associated with no change is represented by the mean +/- 1 Standard Deviation. a) 
Histogram, b) Statistics of the classification shown in the histogram. 
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Fig 4:Reflectance spatial profiles in the near infrared spectral region extracted from the 
2016 scene acquired by the Landsat 8 OLI satellite in the subscenes of the three water 
reservoirs located on the Pao river basin. a) Profile AA on the water stream to WB1, b) NIR 
Reflectance profile on line AA, c) Profile BB on the water stream to WB2, d) NIR Reflectance 
profile on line BB, e) CC profile on the water stream to WB3, f) NIR Reflectance profile on 
line AA. 
 
 
Fig 5:Results of the reflectance image ratioing method in the near-infrared spectral region in 
water reservoirs located in the Pao River basin. WB2 and WB3: Water Body 2 and 3 (Figure 
1). WB2: a)1986-2016, WB3: b)1986-2016. 
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Fig 6: Normalized Difference Vegetation Index (NDVI) method based on reflectance images 
in the spectral regions of red and near infrared in water reservoirs located in the basin of the 
Pao river. WB1, WB2 and WB3: Water Body 1, 2 and 3 (Figure 1). WB1: a) NDV11986- 
NDV12016, b) NDV11991- NDV12016, c) NDV12001- NDV12016, d) NDV12002- NDV12016 , e) 
NDV12003- NDV12016, f) NDV12015- NDV12016 g) WB1:2015,WB2: h) NDV11986- NDV12016, i) 
NDV11991- NDV12016, j) NDV12001- NDV12016, k) NDV12002- NDV12016, l) NDV12003- NDV12016, 
m) NDV12015- NDV12016, n)WB2:2016WB3: o) NDV11986- NDV12016, p) NDV11991- NDV12016, 
q) NDV12001- NDV12016, r) NDV12002- NDV12016, s) NDV12003- NDV12016, t) NDV12015- 
NDV12016, u)WB3:2015 
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Fig. 7:Method of principal components of reflectance images in water reservoirs located in 
the Pao river basin. PC1: Principal Component No. 1. PC1 and PC3: Water Body 1 and 3 
(Figure 1). WB1: a) PC11986-CP12016, b) WB1: PC11991- PC12016,c) WB1: PC12001- PC12016, d) 
WB1: PC12002-CP12016, e) WB1: PC12003-PC12016, f) WB1: PC12015-PC12016, g) WB1: 2015, 
WB3: h) WB3: PC11986-PC12016, i) WB3: PC11991-PC12016, j) PC3: PC12001-PC12016, k) WB3: 
CP12002-CP12016, l) WB3:CP12003-CP12016, m) WB3: CP12015-CP12016, n) WB3: 2015 
 
 
Fig. 8:Reflectance spatial profiles extracted from the spectral regions of red and near 
infrared in the water reservoirs of the Pao river basin contained in the Landsat 5TM image of 
the year 1986. WB: Water Body. 
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Fig. 9:Reflectance spatial profiles extracted from the spectral regions of red and near 
infrared in the water reservoirs of the Pao river basin contained in the Landsat 8OLI image 
of the year 2016. WB: Body of Water. 
 
 
Fig 10: Concentration of Total Phosphorous in the four monitoring sites: A, B, C  and D  into 
the Pao Cachinche Water Reservoir between 1995 and 2007. The regulatory limit is Pt= 1.0 
mg/l according to Decree 3219, (1999). (Data is a courtesy of the HIDROCENTRO C.A 
water manager company).  
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Fig 11: Concentration of Total Nitrogen in the four monitoring sites: A, B, C  and D  into the 
Pao Cachinche Water Reservoir between 1995 and 2007. The regulatory limit is Pt= 10.0 
mg/l according to Decree 3219, (1999). (Data is a courtesy of the HIDROCENTRO C.A 
water manager company). 
 
 
Fig 12: Concentration of Total Solids in the four monitoring sites: A, B, C and D  into the 
Pao Cachinche Water Reservoir between 1995 and 2007. The regulatory limit is Pt= 10.0 
mg/l according to Decree 3219, (1999). (Data is a courtesy of the HIDROCENTRO C.A 
water manager company). 
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Table 1. Results of the difference method of reflectance percentage images in the near 
infrared spectral region expressed as thresholds and change detection areas / no change 
applied to the Pao river basin corresponding to the date images (1) and the date (2) 
Bitemporal 
Images 
1986-2016 1991-2016 2000-2016 2001-2016 2002-2016 2003-2016 2015-2016 
Mean  1.21 -0.31 -7.32 0.021 -8.2 -8.95 0.12 
Standard 
Deviation 
8.36 6.45 7.94 5.92 5.64 5.14 4.68 
Minimum -64 -65 -60 -64 -66 -66 -66 
Maximum 48 62 21 51 29 25 57 
Count <  µ – 1σ 20773 18476 19076 22991 20087 18209 17232 
Conteo µ +/- 1σ 310664 308235 316153 305177 311324 322065 310501 
Count >  µ +1σ 10675 15802 7284 14345 11102 2239 14780 
Area <  µ – 1σ   
m
2
 
18695700 16628400 17168400 20691900 18078300 16388100 15508800 
Area  µ +/- 1σ    
m
2
 
279597600 277411490 284537700 274659300 280191620 289858500 279450910 
Area  >  µ +1σ   
m
2
 
9607500 14221800 6555600 12910500 9991800 2015100 13302000 
Total Area (m
2
) 307900800 308261690 308261700 308261700 308261720 308261700 308261710 
Change (%) 9.2 10 7.6 11 9.1 6 9.34 
No Change (%) 90.8 89.99 92.3 8 90.8 94 90.65 
 
Table 2. Results of the reflectance image ratio method in the near-infrared spectral region 
expressed as threshold and percentage of area for detection of changes / no change applied 
to three water reservoirs contained in the Landsat 8OLI images of the basin of the Pao river. 
Bitermporal 
Images  
1986-2016 1991-2016 2000-2016 2001-2016 2002-2016 2003-2016 2015-2016 
Mean 0.71 0.57 0.06 0.65 0.099 0.042 0.603 
Standard 
Deviation 
0.59 1.09 0.27 0.63 0.748 0.41 0.84 
Minimum 0 0 0 0 0 0 0 
Maximum 49 63 27 43 30 25 50 
No Change 
Interval:  µ +/- 1σ 
0-1 0-1 0-0.47 0-1.6 0-1.22 0-0.25 0-1 
Upper Threshold 
>  µ +1σ 
1-49 1-63 0.47-27 1.6-43 1.22-30 0.25-25 1-50 
Area µ +/- 1σ     
m
2
 
297881090 299890820 290843100 297684900 303572700 299172610 300098690 
Area >  µ +1σ    
m
2
 
9291600 7641900 16689600 9847800 3960000 8360100 7434000 
Total Area         
m
2
 
307172690 307172690 307532700 307532700 307532700 307532710 307532690 
Change (%) 3 2.4 5.4 3.2 1.3 2.7 2.3 
No Change (%) 97 97.5 94.6 96.7 98.7 97.3 97.5 
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Table 3. Results of the normalized difference method of vegetation Indices expressed as 
threshold and percentage of area for detection of changes / no change applied to images of 
the Pao river basin 
Bitemporal 
Images 
1986-2016 1991-2016 2000-2016 2001-2016 2002-2016 2003-2016 2015-2016 
Mean  0.055 -0.006 -0.043 0.0066 -0.035 -0.026 0.0012 
Standard Deviation 0.30 0.19 0.24 0.21 0.21 0.19 0.15 
Minimum -1 -2 -2 -2 -2 -2 -1 
Maximum 2 2 2 2 1 2 2 
Area <  µ – 1σ   m2 1312200 7087500 15402600 5975100 12751200 9887400 3346200 
Area  µ +/- 1σ    m2 247062590 295944290 290112290 294237890 293664610 296441980 300238210 
Area  >  µ +1σ   m2 11961900 5159700 2224800 8029800 1825200 1913400 3695400 
Total Area m
2
 260336690 308191490 307739690 308242790 308241010 308242780 307279810 
Change (%) 5 4 6 5 5 4 3 
No Change (%) 95 96 94 95 95 96 97 
 
Table 4. Results of the transformation method of the principal components expressed by the 
covariance matrix of the reflectance image (%) 1986 in the three reservoirs of the Pao river 
basin. 
Spectral Region PC1 PC 2 PC 3 PC 4 PC 5 PC 6 
Spectral Region 1 0.77382        1.04831        1.30930        3.39826        3.76615        0.00062 
Spectral Region 2 1.04831        1.57046        1.83383        4.83517        5.21155        0.00052 
Spectral Region 3 1.30930        1.83383        2.50033        4.74835        6.36943        0.00086 
Spectral Region 4 3.39826        4.83517        4.74835       29.93631       21.04853        0.00021 
Spectral Region 5 3.76615        5.21155        6.36943       21.04853       22.34499        0.00892 
Spectral Region 7 0.00062        0.00052        0.00086        0.00021        0.00892        0.04964 
 
Table 5. Results of the transformation method of the principal components expressed by the 
correlation matrix of the reflectance image (%) 1986 in the three reservoirs of the Pao river 
basin. 
Spectral Region PC1 PC 2 PC 3 PC 4 PC 5 PC 6 
Spectral Region 1 1.00000        0.95095        0.94128        0.70605        0.90571        0.00317 
Spectral Region 2 0.95095        1.00000        0.92544        0.70518        0.87976        0.00187 
Spectral Region 3 0.94128        0.92544        1.00000        0.54884        0.85214        0.00244 
Spectral Region 4 0.70605        0.70518        0.54884        1.00000        0.81383        0.00018 
Spectral Region 5 0.90571        0.87976        0.85214        0.81383        1.00000        0.00847 
Spectral Region 7 0.00317        0.00187        0.00244        0.00018        0.00847        1.00000 
 
Table 6. Results of the principal components transformation method expressed by 
eigenvalues of the reflectance images from 1986 to 2016 in the three reservoirs of the Pao 
river basin. 
 Principal Components PC1 PC 2 PC 3 PC 4 PC 5 PC 6 
1986 Eingevalues 50.47249        5.83497        0.69075        0.09107        0.04961        0.04961        
Proportion (%) 88.25 10.2 1.21 0.16 0.08 0.08 
1991 Eingevalues 61.74243       13.11056        1.61754        0.37176        0.12724        0.06105 
Proportion (%) 80.15 17.01 2.09 0.48 0.16 0.08 
2000 Eingevalues 30.51020        5.96327        1.15256        0.21978        0.07110        0.04510 
Proportion (%) 80.37 15.71 3.04 0.58 0.18 0.12 
2001 Eingevalues 47.52348       10.22674        1.11747        0.31211        0.09073        0.06022 
Proportion (%) 80.09 17.24 1.88 0.53 0.15 0.10 
2002 Eingevalues 33.84170        5.44846        1.38156        0.30287        0.07826        0.04570 
Proportion (%) 82.34 13.26 3.36 0.74 0.19 0.11 
2003 Eingevalues 26.27400        4.55247        1.43513        0.22438        0.07284        0.04691 
Proportion (%) 80.58 13.96 4.4 0.68 0.22 0.14 
2015 Eingevalues 48.18713       13.05471        2.04757        0.28719        0.12759        0.06403 
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Proportion (%) 75.56 20.47 3.21 0.45 0.20 0.10 
2016 Eingevalues 37.04013        8.24231        1.60162        0.24348        0.15105        0.04511 
Proportion (%) 78.27 17.42 3.38 0.51 0.31 0.09 
 
Table 7. Results of the principal component method No. 1 of reflectance images expressed as 
threshold and percentage of area for detection of changes / no change applied to images of 
the Pao river basin 
Bitemporal 
Images 
1986-2016 1991-2016 2000-2016 2001-2016 2002-2016 2003-2016 2015-2016 
Mean 0.066 5.15 -4.1 1.73 -2.02 -4.95 2.94 
Standard 
Deviation 
9.54 9.77 7.73 7.63 7.79 6.18 5.93 
Minimum -83 -78 -85 -80 -93 -92 -73 
Maximum 48 90 47 86 74 51 70 
Area <  µ – 1σ   
m
2
 
20052900 13194900 19612800 17031600 16113600 16871400 10377000 
Area  µ +/- 1σ    
m
2
 
281264380 272323810 278280000 276210910 275873410 278980190 274872610 
Area >  µ +1σ   m2 6583500 22743000 10368900 15019200 16274700 12410100 23012100 
Total Area m
2
 307900780 308261710 308261700 308261710 308261710 308261690 308261710 
Change (%) 9 12 9.7 10 10 9 10 
No Change (%) 91 88 90 90 90 91 90 
 
Table 8. Accuracy matrix in the detection of changes in coverage of bodies of water in the 
Pao river basin as a sample is presented 1986-2016. a) Difference of Images, b) Reason of 
images, c) Difference of Images of NDVI, d) Difference of the Main Component No. 1. 
Classified Data Reference Data 
      
  No Change Change Sum 
User Accuracy 
(%) K 
1986-2016 
a) Reflectance Image Diffreencing 
No Change 13 0 13 100.00 1.00 
Change 4 13 17 76.4 0.69 
Sum 17 13 30 
  Producer Accuracy  (%) 76.4 100 
   Global Accuracy  (%) 86.67 
   Kappa Coefficient 0.85 
   b) Reflectance Image Ratioing  
No Change 21 0 21 100.00 1.000 
Change 4 5 9 55.56 0.200 
Sum 25 5 30   
Producer Accuracy  (%) 21 0 21 100.00 1.000 
Global Accuracy  (%) 86.67 
   Kappa Coefficient 0.600 
   c) NDVI Image Differencing  
No Change 8 0 8 100.00 1.000 
Change 0 22 22 100.00 1.000 
Sum 8 22 30   
Producer Accuracy  (%) 100.00 100    
Global Accuracy  (%) 100 
   Kappa Coefficient 1 
   d) Differencing of Principal Components  
No Change 13 0 13 100.00 1.00 
Change 4 13 17 76.4 0.69 
Sum 17 13 30   
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Producer Accuracy  (%) 13 0 13 100.00 1.00 
Global Accuracy  (%) 86.67 
   Kappa Coefficient 0.85 
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